Abstract Animals that live in stable social groups need to gather information on their own relative position in the group's social hierarchy, by either directly threatening or by challenging others, or indirectly and in a less perilous manner, by observing interactions among others. Indirect inference of dominance relationships has previously been reported from primates, rats, birds, and fish. Here, we show that domestic horses, Equus caballus, are similarly capable of social cognition. Taking advantage of a specific ''following behavior'' that horses show towards humans in a riding arena, we investigated whether bystander horses adjust their response to an experimenter according to the observed interaction and their own dominance relationship with the horse whose reaction to the experimenter they had observed before. Horses copied the ''following behavior'' towards an experimenter after watching a dominant horse following but did not follow after observing a subordinate horse or a horse from another social group doing so. The ''following behavior,'' which horses show towards an experimenter, therefore appears to be affected by the demonstrator's behavior and social status relative to the observer.
Introduction
Recognizing individuals, tracking their social status, and inferring relationships among group members are beneficial for animals that live in groups. Several studies document that primates, birds, and fish can indirectly draw conclusions about their own relative dominance status by observing interactions among others (Grosnick et al. 2007 ; Amé et al. 2006; Robert et al. 2003; Cheney and Seyfarth 1990) . For example, pinyon jays, Gymnorhinus cyanocephalus, behave more submissively to an unfamiliar bird after previously observing it winning a contest with a familiar, dominant bird than to a control bird (Paz-y Miño et al. 2004 ). Moreover, it has been reported that sociality affects the tendency of copying the mate choice of observed conspecifics in birds (Galef et al. 1998; White 2004) and fish (Dugatkin and Godin 1992; Goldschmidt et al. 1993; Dugatkin 2007 ; for review see Kraak 1996) .
Horses are social animals, which live in herds structured by stable dominance hierarchies (Goldschmidt-Rothschild and Tschanz 1978; Houpt et al. 1978) . Much has been speculated about the skills of horses, such as the feigned arithmetic proficiency of ''Clever Hans.'' Nevertheless, their social cognitive abilities, i.e., the processing, encoding, storage, retrieval, and application of social information, have only rarely been investigated under controlled conditions or in the field, and previous research has led to ambiguous and controversially discussed results (reviewed by Murphy and Arkins 2007; Nicol 2002) . For example, Baer et al. (1983) , Baker and Crawford (1986) , and Clarke et al. (1996) investigated how horses perform in a discrimination task, in which observer horses were allowed to watch a trained demonstrator horse feeding only from one of two differently colored buckets and to search for food in the buckets after removal of the demonstrator. From the outcome of this test it was concluded that horses avoid the feeding territory of the demonstrator horse, and that watching a feeding demonstrator significantly shortened the latency until the observer approached the area.
The authors suggested that horses learn ''something'' about the general location of food from the demonstrator's performance. In her review on equine learning, Nicol (2002) therefore noted an urgent need for studies on social learning and social cognition in horses, as facts and presumptions in previous studies are often difficult to separate. To understand how horses communicate and how their herds are structured is also of fundamental importance for horse training (Feist and McCullough 1976; GoldschmidtRothschild and Tschanz 1978; Houpt et al. 1978; Feh 2002; McDonnell 2003) .
What animals know about themselves and their social environment (McGregor and Dabelsteen 1976; Oliveira et al. 1998 ) has recently been studied by observing the reaction of uninvolved bystanders to dyadic encounters among group members. In an analogy of this approach we took advantage of the ''following behavior'' horses show when confronted by an experimenter in the ''round pen technique'', a method for the initial training of horses, which has been established by ''horse-whisperers'' (Rivera et al. 2002; Sighieri et al. 2003; Miller and Lamb 2005) . Horses behave in a standardized way when approached and chased by an experimenter in the riding arena. They first run around the experimenter in circles, turn an ear to her, start licking and chewing, and finally follow the experimenter when she turns her back and slowly moves away. Horses begin to follow sooner and sooner with each repetition of this experiment until they immediately follow the experimenter and also unfamiliar persons (Krueger 2007 ). The behavior is limited to the surroundings in which the horses have first followed the experimenter, and they do not show this behavior when taken to a pasture. This suggests that horses learn to follow in this particular situation and also show some generalization (Krueger 2007) .
For the present study we investigated whether domestic horses (bystanders) observe follow-up interactions between another horse (demonstrator) and an experimenter. Assuming that horses memorize information about the social structure of their herd and that they draw conclusions from observed interactions among herd members, we expected that bystander horses would adjust their own reaction in a similar situation according to the behavior of the demonstrator and its relative social status.
Methods

Animals
We investigated the behavior of 38 riding horses (composed of 26 mares and 12 geldings), which were 33 European bred Warmblood horses, two Draft-horses, two Thoroughbreds and one pony crossbreed, all aged between 3 and 22 years. Horses were individually identified by their brands and coloration. For completeness, two horses, which did not participate in the tests because of bad health, are included in the hierarchies in the appendix but labeled with an asterisk. The horses were kept in different conditions before and during experiments (four larger groups with 11, 6, 9, and 4 horses, 3 pairs, and 4 solitary horses). Group one was established 66 months, group two 9 months, group three 96 months, group four 61 months, group five 34 months, group six 13 months, and group seven 18 months prior to the test. Most horses were housed in the same stable, in individual boxes sized 3 m 9 4 m with a bedding of wood shavings overnight and in social groups on pastures during the day, or constantly in social groups in open stables (social group 2 with six horses). Only social group 3 with nine horses was kept and tested in a different riding stable, and housed overnight in 3 m 9 4 m boxes on straw bedding. Horses were fed with hay twice a day and with a granola-cereal mixture three times a day. In addition they fed on the grass on their pastures.
None of the horses had participated in such an experiment before. Several horses had experience with the ''round pen technique'', while others were considered to be ''naïve'' in this respect, though we do not have a complete record of their training history (for detailed information see Tables 1, 2 , 3, 4). Fourteen horses took part in the experiment both as demonstrator and bystander, eight horses served exclusively as demonstrator, and 15 horses exclusively as bystander (Tables 1, 2 , 3, 4). To avoid a possible impact of using individuals repeatedly in the tests, we performed a second analysis of the data excluding all bystanders that had previously been used as demonstrators, participated a third time, or had a dominance score similar to that of their demonstrator (Wanda-Heaven). All bystanders participating in test 2 had previously also been bystander in test 1, because we aimed at investigating whether they modify their behavior in accordance with that of changed demonstrator behavior. Six particularly welltrained demonstrator horses participated up to four times in a single test. The maximum performing time matched their normal daily workout time.
Dominance relationships
Before starting the experiments, we determined the dominance relationships among the horses in the field by observing agonistic encounters, such as approaches, retreats, threats to bite or kick, bites, kicks, and chases (Feist and McCullough 1976; Rivera et al. 2002; McDonnell 2003) . For specific sampling of the dominance interactions described above horses were observed over one hour each on two separate days (pre-test observation time: 2 h per group or pair). Observations were evenly distributed over daylight period. To corroborate our results, we observed dominance relationships twice again in the same manner, immediately after and within 2 weeks after the tests (posttest observation time: 2 9 2 h, total observation time: 6 h per group or pair). Interactions among the horses were recorded continuously. Subsequently, dominance scores of individuals were calculated by adding instances of active antagonism and subtracting cases of retreat (Table 6 ).
Experimental procedure
In October 2005 we conducted four different tests on five subsequent days in two different stables, which were located in Obertraubling and Beratzhausen, both admin. district Regensburg, Germany. Tests 1, 2, and a part of test 3 were performed in stable 1 on three respective days between 9:00 a.m. and 3:00 p.m. The remaining part of test 3 was performed on the fourth day in stable 2 between 8:00 a.m. and 12:00 a.m. On the fifth day we returned to the first stable and tested the horses for test 4 between 10:00 a.m. and 3:00 p.m. For the specific tests we hypothesized that:
Test 1: subordinate bystanders copy the behavior of dominant demonstrators, i.e., they follow if they observe the demonstrator following, and they do not follow if the demonstrator does not follow. We paired higher-ranking demonstrators with lower-ranking bystanders (n = 12, seven bystanders experienced with ''round pen training'', five naïve). Test 2: those bystanders, which had not followed in test 1 after seeing a dominant demonstrator not following, change their behavior and follow in a second experiment after seeing another dominant demonstrator following. We paired bystanders, which had not followed (following grades 0 or 1) in test 1 with demonstrators, which followed (following grades 2 or 3) (n = 9, all experienced with ''round pen training''). Test 3: dominant bystanders do not copy the behavior of subordinate demonstrators.
We paired the lower-ranking demonstrators with higherranking bystanders (n = 14, seven bystanders experienced with ''round pen training'', seven naïve).
Test 4: bystander horses do not copy the behavior of unfamiliar demonstrator horses.
We paired the bystanders with demonstrators from different social groups (n = 8, five bystanders experienced with ''round pen training'', three naïve). Half of the demonstrator horses were of high rank and the other half of low rank in their respective groups. All experiments were conducted in either of the two respective riding arenas (20 m 9 50 m) attached to the stables where the horses were kept, which were divided into 20 m 9 20 m test areas and 20 m 9 30 m observation areas by a rope (Fig. 1) . The respective tests horses, which were chosen as ''bystander'' according to its social status and affiliation, were given the opportunity to explore the test area for 2-5 min., depending on the time they needed to adjust to the test situation. Thereafter, the bystander was tested whether it would spontaneously follow the experimenter. The experimenter tested each bystander horse for 5 min, in which she first walked towards the horse, clapped on its shoulder, walked away from it while giving it the opportunity to follow, and, if it did not follow, continued to walk in close proximity to the horse, waiting for the horse to follow. Four horses (Elan, Sylvester, Colleen and Ronda) followed immediately and were not used as bystanders but as demonstrators in subsequent tests. Horses that did not follow were released in the observation area of the riding arena, where they were allowed to move freely. A demonstrator horse was led into the test area and given a corresponding amount of time to adapt to the new situation and to explore the arena, but was not allowed to approach the bystander. Subsequently, the bystander had the opportunity to observe an interaction between the experimenter and the demonstrator horse in the test area (Fig. 1) . The behavior shown by the horses in the ''round pen training'' has shortly been outlined in the introduction, and a detailed description has been published elsewhere (Krueger 2007) . In short, the ''round pen training'' can be described as an interaction between horses and humans in which the experimenter first gives the horse the opportunity to follow her spontaneously. In case it does not follow it will be chased away so that it gallops in circles around the experimenter. The experimenter repeatedly stops chasing, walks to the horse, claps its shoulder, and gives it the opportunity to follow until it finally does so.
In our experiments all demonstrator horses, even those, which followed the experimenter spontaneously, were chased in the test area for at least 2 min, but not longer than 15 min. According to a previous study (Krueger 2007) , most, though not all, horses follow an experimenter after being chased for this time span. The time horses needed to be chased before following the experimenter decreased significantly with every round of training (Krueger 2007) . In test 2, we took advantage of the experience that demonstrators, which did not follow on the first day of ''round pen training'' within 15 min, often would do so in the following training round. If the demonstrator horse followed the experimenter, both continued to walk across the test arena for 15 min. Demonstrator horses that did not follow after chasing were given the opportunity to follow the experimenter for 15 min to standardize the interaction time a bystander could observe.
Immediately after the interaction between the demonstrator horse and the experimenter we investigated again whether the bystander horse would now spontaneously follow the experimenter. The experimenter walked to the bystander horse in the observation area and gave it the opportunity to follow, as she had done before the interaction with the demonstrator horse, but now for 15 min. In case the horse followed the experimenter spontaneously, they kept on walking through the observation area for 15 min. If the horse did not follow, the experimenter continued to walk in close proximity to the horse for 15 min.
Experimenter
Five experimenters took part in the study: experimenter 1 in tests 1 and 2, experimenters 2 and 3 in test 3, and Fig. 1 Experimental set-up used in the bystander test. A bystander horse watches a demonstrator horse following an experimenter experimenter 4 in test 4. The fifth experimenter observed and continuously videotaped the interactions from outside the riding arena. In the previous studies, the horses had shown similar reactions to the different experimenters, suggesting that the different outcomes in the various tests did not depend on variation in the personality, behavior, or posture of the respective experimenters (Krueger 2007) . All experimenters, with exception of the fifth experimenter outside of the riding arena, were unfamiliar to the horses. In addition, the experiments were conducted blindly, i.e., the experimenters neither knew the dominance status of the horses investigated nor the predicted outcome of the tests, as the test pairs were chosen by another person, who was familiar with the horses and knew how the horses had to be paired for the experiment. In addition to observing and recording all behavior, the experiments were continuously videotaped for further analyses and conservation of the data.
Categories and statistics
The ''following behavior'' of the horses was categorized as:
Grade 0: Horse does not follow the experimenter within 15 min. Grade 1: Horse follows within 5s after being approached by the experimenter but only for a maximum of 2 min. Grade 2: Horse follows immediately, stays within 2-3 m behind the shoulder of the experimenter and follows for 15 min, but interrupted by periods of not-following of up to 1 min. Grade 3: Horse follows immediately, stays within 1-2 m behind the shoulder of the experimenter, and continuously follows for 15 min in any direction.
Grades 0 and 1 were considered as ''not following'', grades 2 and 3 were considered as ''following''.
For statistical analysis we used the R-Project statistical environment (2007) . Potential influences of different age, sex, size, duration of residency in the social group, duration of the chasing time of demonstrators, and previous experience of bystanders in ''round pen training'' on the following behavior of bystanders were investigated with Generalized Estimating Equations (GEEs), which are methods for parameter estimation for correlated data (Liang and Zeger 1986) . We plotted one GEE to analyze the potential effects of these factors on the demonstrators and another for potential effects of traits on the bystanders. Because the different social groups were first established in different years, we calculated an individual horse's ''duration of residency in the group'' by dividing the individual's duration of residency by the total duration of their respective group.
The change in the behavior of bystander horses tested twice in tests 1 and 2 was investigated using a Wilcoxon rank sum test. Fisher's exact test is robust with small sample sizes, ordinal data and ties, and was thus used to compare the probability of following grades of bystanders matching those of demonstrator horses in tests 1, 3, and 4.
Results
The behavior of bystander horses, allowed to watch the interaction between an experimenter and a demonstrator horse, differed enormously. Neither age, sex, size, duration of residency in the social group, duration of the chasing time of demonstrators, nor experience of bystanders in ''round pen training'' had a significant effect on bystander behavior (all P [ 0.05, see Table 1 ).
After observing a ''round pen'' interaction between an experimenter and a demonstrator horse, subordinate bystander horses usually copied the behavior of familiar, dominant demonstrators. They significantly followed after observing a familiar, dominant demonstrator doing so, but they did not follow after the demonstrator had not followed In test 1, subordinate bystanders copied the behavior of a dominant demonstrator, i.e., they followed the experimenter after having seen a dominant demonstrator doing so but did not follow if the demonstrator had not followed (n = 12). In test 2, bystanders that had not followed in test 1 now followed after seeing a dominant demonstrator doing so (n = 9). In test 3, dominant bystanders did not copy the behavior of subordinate demonstrators (n = 14), and in test 4, bystander horses did not copy the behavior of unfamiliar demonstrator horses regardless of their social status (n = 8). Grades 0 and 1 were considered as ''not following'', Grades 2 and 3 were considered as ''following'' (see text for details) (Fisher's exact test: N = 12, P = 0.003, Fig. 2, Table 2 ). Using the reduced data set, i.e., excluding all those bystanders that had also performed as demonstrators, participated repeatedly in tests 1, 3, or 4, or whose dominance relationships to the demonstrator were unclear, gave a similar result (Fisher's exact test: N = 11 , P = 0.010).
In test 2, those bystanders, who had not followed in test 1 after seeing a dominant horse not following, followed after seeing a dominant demonstrator doing so in this second experiment. Thus, the subordinate horses again copied the behavior of dominant demonstrators and significantly changed their behavior compared to test 1 (bystander performance in tests 1 versus test 2, Wilcoxon rank sum test: N = 9, W = 3.5, P = 0.001; reduced data set: N = 8, W = 3.5, P = 0.002; Fig. 2, Table 3 ).
In contrast, the results of test 3 show that dominant bystander horses do not copy the behavior of subordinate demonstrator horses (Fisher's exact test: N = 14, P = 0.210, Table 4 , Fig. 2 ; reduced data set: N = 7, P = 0.143).
Similarly, in test 4 bystander horses did not copy the behavior of unfamiliar demonstrator horses (Fisher's exact test: N = 8, P = 0.460, Table 5 , Fig. 2 ). The sample size in the reduced data set was too small (N = 3) for doing a meaningful statistical test (P = 1.000).
Discussion
Our study suggests that domestic horses are not only capable of distinguishing between familiar and unfamiliar horses but also of recognizing the social status of familiar horses relative to their own. Furthermore, they extract information from observing interactions between a familiar horse and a human experimenter and adjust their behavior with respect to the observed horse's reaction and relative dominance status when subsequently confronted with the experimenter in a similar situation.
The data clearly document that the behavior of subordinate horses matches that of the observed, dominant demonstrator horses: they were reluctant to follow the experimenter when the observed dominant horses had not followed, but followed after the observed dominant horses had done so. In contrast, dominant bystanders did not adjust their behavior to the experimenter after observing a subordinate or an unfamiliar demonstrator. Instead, even dominant horses that had followed as demonstrators did not follow after observing a subordinate horse perfectly following the experimenter. This also shows that, though horses learn to follow the experimenter in repeated tests (Krueger 2007) , their behavior as bystanders is not affected by their prior experience in the ''round-pen technique''. This is also corroborated by the lack of an influence of ''previous experience'' as a confounding variable in the analysis and by the results from a reduced data set, which excluded horses that had repeatedly taken part in the experiment. An impact of learning in repeated tests therefore was excluded. Furthermore, neither age, sex, size, duration of residency in the social group, nor the duration of the chasing time of demonstrators, had a significant effect on bystander behavior.
Instead, horses appear to be indeed capable of social cognition, a competence which is beneficial for life in social groups but has previously been reported almost exclusively from primates and highly social birds (Treichler and Van Tilburg 1996; Roberts et al. 2003; Acuna et al. 2002; Paz-y Miño et al. 2004; Allen 2006; Moses et al. 2006) . Observing another horse's behavior in a social interaction and drawing conclusions on its social status might be skills that evolved because they facilitate the integration of individuals into alien social groups, which is a common phenomenon among free-ranging horses at the age of 3-5 years (Tyler 1972; Berger 1986 ). Such integration would be much more costly if horses would have to test the social status of each group member individually.
The formation of alliances among free-ranging stallions (Feh 1999 ) and the use of human-given cues in object choice tests, albeit limited (McKinley and Sambrook 2000), had previously suggested the occurrence of cognitive abilities in horses. However, studies on cognition in relation to food could not document the social learning in horses (Baer et al. 1983; Baker and Crawford 1986; Clarke et al. 1996; Lindberg et al. 1999) . Nevertheless, Baker and Crawford (1986) and Clarke et al. (1996) concluded that sociality might affect the feeding choice of bystander horses in that they avoid the feeding areas of demonstrator horses. A similar influence of social rank and social affiliation on feeding preferences has been shown in several other species, including primates and chicken (Fragaszy and Visalberghi 1996; Nicol and Pope 1999; Nicol 2006) . Similarly, sociality is known to influence mate choice copying in vertebrates (Dugatkin 2007; Godin et al. 2005; White 2004; Dugatkin and Godin 1993) . However, both in mate choice copying in vertebrates (White 2004) and our study, it appears to be difficult to distinguish social learning from other social effects, such as social facilitation. The following of bystanders after observing a familiar, dominant demonstrator horse following the experimenter might simply result from the dominant demonstrator behaving in a more conspicuous way, and bystanders may have learnt during previous interactions that it pays to observe conspicuous individuals in order to avoid being threatened or displaced. This might explain the copying behavior without requiring complex cognitive skills. However, neither size nor the age of the demonstrator had a significant impact on the following behavior of bystander horses. Moreover, bystanders only copied the behavior of familiar dominants, suggesting that they did not simply react to some general dominance features. To clarify whether social learning is involved in horses, it might be helpful to analyze the degree of attention bystander horses pay to the interaction of a demonstrator 
